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诱导细胞凋亡，用 Hoechst 法和 Annexin V/PI apoptosis kit 来检测凋亡。对凋亡
细胞施加 20dyn/cm2 的剪切应力，使用荧光定量 PCR 技术和蛋白免疫印迹技术

























Background: Atherosclerosis (As), the principal cause of death in Western 
countries, leads to the mortality rate over 50% of the total mortality rate. Along with 
the changes in dietary habits and living standards improve, the disease has become a 
major cause of death in China. Atherosclerosis usually occurs in adolescence, to 
increase and aggravates in old age.With the aging of the population, the incidence of 
cardiovascular and cerebrovascular diseases increasing year by year, the pathogenesis 
of atherosclerosis has become a hot topic. 
 The shear stress is the tangential stress to the wall friction when the blood flows 
in blood vessels,which can cause a major impact of the innermost layer of vascular 
endothelial cells.Atherosclerosis is due to the endothelial injury initially, and then 
with a series of inflammatory reactions. The research of injury mechanism for 
endothelial cell is important for understanding of atherosclerosis. 
Purpose:The purpose of this paper is to demonstrate the repression of apoptosis 
in human umbilical vein endothelial cells by shear stress,and to investigate the impact 
of Smac/DIABLO,which is the main factor in Mitochondrial pathway of apoptosis. 
Methods:The human umbilical vein endothelial cells which isolated from 
umbilical cord were cultured in vitro and induced apoptosis by serum starvation, It 
was detected by Hoechst method and Annexin V/PI apoptosis kit; then imposed 
20dyn/cm2 shear stress to the apoptotic cells. Real-time PCR and western blotting 
were used to detect the mRNA and protein expression of Smac/DIABLO in cultured 
cells. Immunofluorescence technique was located the protein of Smac/DIABLO. It 
could be observed that the shear stress was inhibited effectively by Smac/DIABLO 
outflow from mitochondria to the cytoplasm, thus inhibiting apoptosis. 
Results: The results of our study suggestted that the apoptosis of human 
umbilical vein endothelial cells could be inhibited by shear stress effectively. For the 
cell apoptosis protein Smac/DIABLO, shear stress can reduce the level of the gene 














cytoplasm, thereby inhibiting the occurrence of apoptosis. 
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mitochondria-derived activator of caspase)。以此同时,Vaux[2]实验小组报道了从
293T细胞中分离出一种新型蛋白质,命名为低等电点凋亡抑制蛋白(IAPs) 直接









































图1.1  Smac/DIABLO的三维晶体结构 






























凋亡抑制蛋白家族( inhibitor of apoptosis proteins,IAPs),主要与caspase相作
用以抑制其活性。目前已发现的IAPs包括XIAP, c-IAP1, c-IAP2, survivin和livin等
8种。IAPs通过其杆状病毒IAP重复序列(baculoviralinhibitor of apoptosis repeats, 
BIR)结构区来发挥其抑制凋亡功能。不同的BIR结构域有不同的功能：BIR3特异
性的抑制caspase-9；BIR2可直接抑制Caspase-3、7,起主要的抑制作用[7]。 
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